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INTRODUCTION
During the second half of last century, key technological innovations have tremendously modified the daily practice of radiotherapy, leading to substantial improvements in treatment delivery and outcome. The introduction of linear accelerators (linacs) in the early 1950s, the increasing use of computed tomography (CT) scanning for target volume delineation from the 1980s on, and more recently, in the late 1990s, the availability of advanced treatment planning systems together with multileaf collimators have progressively contributed to a more targeted and conformed dose delivery, that is, a better dose distribution within the target volumes while sparing surrounding normal tissues. In addition, linacs are nowadays equipped with electronic portal imaging devices for verification of patient positioning, thus enabling a better conformity between the planned dose and the dose that is actually delivered. All these technical innovations have led on the one hand to delivering a much higher dose to the target volumes, thus possibly increasing local tumor control, while on the other hand minimizing the undue dose delivered to the surrounding normal tissues, thus possibly decreasing treatment morbidity.
The introduction of inverse treatment planning systems with intensity modulation, that is, intensity-modulated radiation therapy (IMRT), over the last few years has brought another refinement in the ballistics of dose delivery, enabling further improvement in dose delivery and treatment outcome. IMRT is not only a technique for delivering optimized nonuniform beam intensities to a target volume, but it also provides a new approach to the whole treatment procedure from patient immobilization to beam delivery. Implementation of IMRT thus requires a knowledge of setup uncertainties, adequate selection and delineation of target volumes based on optimal imaging modalities, appropriate specification and dose prescription regarding dose-volume constraints, and ad hoc quality control of both the clinical and physical aspects of the whole procedure.
In head and neck (HN) malignancies, IMRT appears to be more and more commonly used for routine treatment, especially in the U.S. [1] . However, only a few randomized trials have demonstrated its superiority over conventional treatments [2] and only a few meaningful retrospective studies are available that demonstrate its potential and its possible drawbacks. The most convincing data on the superior therapeutic gain achievable with IMRT are from tumors close to the base of the skull, such as nasopharyngeal and sinonasal cancers, for which a higher rate of local control and a lower incidence of complications have been reported in comparison with standard two-dimensional (2D) techniques in retrospective comparisons [3, 4] . A substantially lower rate of late radiation-induced toxicity, such as xerostomia, has also been extensively documented following the use of IMRT for pharyngolaryngeal squamous cell carcinomas (SCCs) [2, [5] [6] [7] [8] . A few retrospective studies have also reported that, despite the high conformality in dose distribution, geographical miss is rather uncommon in IMRT for pharyngolaryngeal tumors, provided that an adequate selection of target volumes is made [9 -12] .
Although IMRT shows promise as a radiation procedure aimed at increasing therapeutic gain, in the HN area, it still presents a number of challenges and avenues that have yet to be fully explored. This article presents an overview of the present clinical data supporting the use of IMRT for HN tumors.
CHALLENGE OF SELECTION AND DELINEATION OF THE TARGET VOLUMES
Among the various steps of the IMRT process, target volume selection and delineation represent, without a doubt, the most dramatic changes in clinical approach compared with the former 2D treatment of HN tumors. As IMRT allows highly conformal dose distribution to target volumes of almost any shape, the adequate selection and delineation of these volumes become of critical importance. An adaptation of the target volumes used in the 2D approach, in which selection and delineation were determined more by technical limitations than by oncological considerations and patient anatomy, would likely result in no benefit in terms of dose sparing to nontarget tissues. On the other hand, an excessively restrictive selection and delineation of target volumes could easily jeopardize the clinical impact of the highly conformal dose distributions produced.
Over the past few years, several authors have made recommendations for a more precise selection of the clinical target volume (CTV) for both primary tumors and neck nodes [10, 13, 14] . It is beyond the scope of this review article to discuss these recommendations at length. For primary tumors, the issue of selection is briefly discussed in 556 the following sections dealing with the various HN sites. For the neck, comprehensive review of clinical, radiological, and pathological data on node distribution for the various sites within the HN area supports the concept of selective treatment according to nodal stage. In a nutshell, for N0 and N1 patients, selective irradiation of level II-IV or level I-III can be recommended for oropharyngeal, hypopharyngeal, and laryngeal primaries, or for oral cavity primaries, respectively. For nasopharyngeal tumors and for patients with a neck staged as higher than N2a, comprehensive irradiation of all neck levels is recommended.
Guidelines for the delineation of the various node levels in the neck have also been proposed, and a series of consensus recommendations endorsed by major North American (Radiation Therapy Oncology Group [RTOG] ) and European (Danish Head and Neck Cancer, European Organization for Research and Treatment of Cancer, Groupe d'Oncologie Radiothérapie Tête et Cou) cooperative groups has been elaborated for the N0 neck [15, 16] . For the node-positive and the postoperative neck, further recommendations have been recently proposed [17, 18] . It is beyond the scope of this article to discuss these recommendations at length, but the main philosophy of these new additional guidelines was to include extra nodal regions (i.e., retrostyloid area and subclavicular fossa) and/or extra structures (e.g., muscles or gland) found to be at risk for microscopic tumor infiltration.
Another important issue regarding target volume delineation is the choice of the optimal imaging modality used for planning purposes. CT images are typically used because they allow dose calculation with corrections for tissue density inhomogeneity. Contrast medium should be routinely used to allow a much better contrast between normal tissues and tumors, especially because recent data have shown that contrast medium does not substantially influence dose optimization (C. Clark, The Royal Marsden Hospital, London, personal communication). For nasopharyngeal carcinoma, however, magnetic resonance imaging (MRI) has been shown to be superior to CT in reducing interobserver variability [19, 20] . This advantage of MRI was not observed in oropharyngeal, laryngeal, and hypopharyngeal tumors [21] . A few groups also investigated the role of functional imaging with fluorodeoxyglucosepositron emission tomography (FDG-PET) to delineate gross tumor volume (GTV) [22, 23] . Daisne et al. [22] assessed the accuracy of FDG-PET in comparison with CT for GTV delineation in oropharyngeal, hypopharyngeal, and laryngeal SCC using three-dimensional (3D) registration of the various imaging modalities. In a subset of laryngeal tumors, the imaging modalities could even be compared with the actual surgical specimen taken as a "gold standard." FDG-PET demonstrated higher accuracy in delineating GTV, with a statistically significant smaller target volume. Interestingly, this difference in GTV delineation translated into a difference in CTV and planning target volume (PTV) delineation, which in turn translated into a difference in dose distribution; the dose was much more conformed when FDG-PET was used as the primary imaging modality [24] .
Although pretreatment contrast-enhanced CT still presently remains the standard technique used in treatment planning for HNSCC, it is not unlikely that in the near future the introduction of additional modalities may also be considered, not only before treatment, but also possibly during treatment to adapt the GTV to the extent of tumor regression. Furthermore, for PET imaging, tracers other than FDG for targeting biological pathways for radiation response (e.g., proliferation, hypoxia) are under evaluation [25] . The functional assessment of tumor biology may contribute to the delineation of sub-GTV that could benefit from a heterogeneous dose distribution [26] . Although very challenging and extremely promising, these approaches still need thorough validation before they can be introduced into routine clinical practice [27] .
CLINICAL EVIDENCE FOR THE USE OF IMRT IN HN TUMORS

IMRT for Nasopharyngeal Carcinoma
Because the nasopharynx is situated near numerous critical normal organs, that is, the brain stem and optic chiasm, IMRT is ideal in its attempt to deliver an adequate dose to the gross tumor while sparing these surrounding normal tissues. IMRT plans involving the nasopharynx require contouring the gross disease, which includes the primary gross tumor as well as any gross nodal disease. Subclinical nodal CTV involves bilateral coverage of neck nodal levels delineated up to the base of skull to include the retropharyngeal nodes [4] . For node-negative patients, levels II-V should be contoured. For node-positive cases, inclusion of level IB appears reasonable, although convincing data are missing. In addition to the important at-risk nodal regions, the CTV should also include the entire nasopharynx, clivus, base of skull, pterygoid fossa, parapharyngeal space, inferior sphenoid sinus, and posterior third of the nasal cavity and maxillary sinuses (ensuring adequate margin to the pterygopalatine fossae). The CTV that encompass the above regions can be modified according to tumor (T) stage. A margin around all CTVs should be added to account for patient motion and setup errors, that is, the PTV. This margin is typically 5-6 mm, unless daily imaging and position cor-rection are being made, in which case it may be reduced to a minimum of 3 mm [28] .
At Memorial Sloan-Kettering Cancer Center, the implementation of IMRT for nasopharyngeal cases has resulted in significant improvements over the traditional and 3D-conformal radiotherapy (3D-CRT) plans. First, there is better coverage of the retropharynx, base of skull, and medial aspects of the nodal volumes [29] . Xia et al. [30] compared IMRT treatment plans with conventional treatment plans for locally advanced nasopharyngeal cancers. They concluded that IMRT provides better tumor target coverage with significantly better sparing of sensitive normal tissue structures in the treatment of locally advanced nasopharyngeal carcinoma. Another dose distribution study, by Kam et al. [31, 32] from Hong Kong, compared IMRT with 2D-radiotherapy (2D-RT) and 3D-CRT treatment plans. Three patients with different stages, including T1N0, T2bN2, and T4N2, were compared. In all stages, IMRT was noted to have significant dose distribution advantages. In earlystage disease, it provided better parotid gland and temporomandibular joint sparing. In locally advanced disease, it offered better tumor coverage and normal organ sparing and permitted room for dose escalation.
The dose distribution advantages seen with IMRT for nasopharyngeal cancers have also translated into excellent clinical outcomes. At the most recent American Society of Clinical Oncology meeting, Kam et al. [33] presented phase III evidence showing the advantage of IMRT in terms of improvement in xerostomia when compared with conventional radiotherapy. These data add to the data published by Pow et al. [2] demonstrating a significant improvement in quality of life in patients with nasopharyngeal cancer randomized to IMRT compared with those randomized to conventional radiotherapy. In terms of tumor control, the most mature data on local progression-free rates using IMRT for nasopharyngeal cancer come from the University of California at San Francisco (UCSF) ( Table 1) . With a median follow-up of 31 months, the 4-year local progression-free rate was 97% while the 4-year regional progression-free rate was 98% [4] . Bucci et al. [34] have recently updated the UCSF experience and included more patients (n ϭ 118). Excellent locoregional progression-free rates were seen. Other important studies have recently emerged out of Hong Kong and are also detailed in Table 1 . Although singleinstitution studies show superb outcomes in terms of salivary preservation as well as locoregional control of disease, distant metastasis remains a significant issue in all these series [4, 34 -36] . Efforts focused on decreasing the rates of distant metastasis using targeted biologic agents are under way by the RTOG.
An RTOG phase II trial using IMRT with or without chemotherapy for all localized nasopharyngeal cancer has completed accrual and awaits maturity of follow-up data. The protocol is an important one, because it tests whether the ability to achieve excellent control rates in nasopharyngeal cancer patients treated with IMRT can be reproduced in a multi-institutional setting. The reirradiation of nasopharyngeal cancer has been commonly used and IMRT offers tremendous dose distribution advantages. Reirradiation is more feasible with IMRT than with conventional techniques for the many reasons stated above. Lu et al. [37] have recently reported on their experience with reirradiation using IMRT for recurrent nasopharyngeal cancer. Acute toxicity of the skin, mucosa, and salivary glands was acceptable according to RTOG criteria. Tumor necrosis was seen toward the end of IMRT in 14 patients (28.6%). At a median follow-up of 9 months, the locoregional control rate was 100%. Although longer follow-up is necessary, the preliminary toxicity and local control data for these recurrent cases are promising [37] .
IMRT for Nasal and Paranasal Sinuses
By their location, sinonasal tumors are surrounded by critical structures, including the frontal and temporal lobes of the brain, pituitary gland and brainstem, lacrimal glands, eyes, optic nerves, and chiasm. Using conventional radiotherapy techniques, the lacrimal apparatus and the optic pathway structures (retina, optic nerves, chiasm) often received doses equal to the target prescription dose. Conventional radiation therapy for sinonasal cancer resulted in significant ocular toxicity [35, 38 -39] . Local control rates of 70%-90% in stages T1-T2 and Ͻ50% in stages T3-T4 were achieved with prescription doses of 56 -75 Gy [40] . IMRT allows selective underdosage of organs at risk by creating concave dose distributions around the optic pathway structures together with steep cranial, lateral, and caudal gradients outside the PTV to spare the lacrimal apparatus and the central nervous system. Hypothetically, selective underdosage could decrease toxicity at unchanged target prescription doses.
It is unlikely that answers with level I evidence (evidence generated from randomized clinical trials) will emerge in the foreseeable future because of the rarity of the disease. A PubMed search on November 14, 2005 using IMRT and "paranasal sinus" as key words yielded 23 publications. From these, 17 were on IMRT planning or technical issues. Of the six clinical publications, three reported on Ͼ11 patients, one from UCSF [41] and two from Ghent University Hospital (GUH) [3, 42] .
Using the patient database at GUH, we try to answer the following questions: How do local control and survival Cancer Tumor-Node-Metastasis classification) with invasion of the dura or brain through the cribriform plate. Patient characteristics and surgery were described in detail by Duthoy et al. [42] .
The 4-year actuarial local control rate after surgery and IMRT was Ͼ80% for patients with T1-4aN0M0 disease. We compared 28 patients with adenocarcinoma of the ethmoid sinus who received IMRT with a historical control group of 30 patients (all R0-resected ethmoid sinus adenocarcinoma) treated between 1985 and 1994 with 2D (n ϭ 19) techniques, or treated between 1995 and 1998 with 3D-conformal noncoplanar techniques (n ϭ 11) at prescription doses of 60 -70 Gy (2 Gy/fraction). The 4-year actuarial local control and survival rates for those patients are shown in Table 2 .
Fatal relapses occurred within a year after treatment in all patients (n ϭ11 in the IMRT group and n ϭ 3 in the historical group) with cribriform plate invasion. The present IMRT implementation was clearly not able to reverse the dismal local control rates that are known to exist in stage T4b disease with cribriform plate invasion. By excluding patients with cribriform plate invasion, a patient group with good local control and survival could be selected. No conclusions should be drawn regarding the effect of IMRT on local control as compared with conventional techniques.
In the IMRT group, severe dry-eye syndrome (grade Ն3, persistent pain) was reported in 2 of 39 patients, including a patient with pre-existing unilateral blindness as a result of orbital tumor invasion for which no attempt was made to spare the lacrimal apparatus (Table 3 ). In the historical control, severe dry-eye syndrome occurred in seven patients, of whom five had been treated by 2D techniques and two had been treated by 3D techniques (enucleation was required in one patient). A dose-effect analysis in the IMRT group showed that even at doses Ͻ30 Gy (median dose to the main lacrimal glands) mild forms of dry-eye syndrome could be diagnosed.
Bearing in mind a median follow-up of 32 months in survivors, the data on radiation retinopathy and optic neuropathy should be considered immature. However, we conclude that, during this limited follow-up period, two serious and three mild optic pathway events were recorded. The maximum-dose constraints of 50 Gy to the retina and 60 Gy to the optic nerves and chiasm at respective fraction sizes of approximately 1.5 and 1.7 Gy seem to be close to the maximum-tolerated dose for these structures when preservation of vision is the endpoint.
Thus, the 4-year actuarial local control rate after surgery and IMRT was Ͼ80% for patients with T1-T4aN0M0 disease. Severe dry-eye syndrome could be avoided in almost all patients if attempted. Severe optic pathway injury occurred in about 5% of patients. We hypothesize that the maximum-tolerated doses to the retina, optic nerves, and chiasm might have been reached in the GUH protocol at 50 Gy, 60 Gy, and 60 Gy in 35 fractions, respectively. This hypothesis is being continuously assessed as more patients are being treated and followed.
IMRT for Oropharyngeal Carcinoma
Most series reporting clinical results of tumor control rates following IMRT are still quite limited. They are either very heterogeneous regarding tumor sites and stages [9, 11, 12, 41, 43] or have relatively small patient numbers [8, 41] , and all series suffer from a relatively short follow-up. Potential patient selection factors are probably the most important issues that should be considered in assessing outcome in retrospective series of IMRT. IMRT is far more complex and time-consuming than conventional radiotherapy. It is likely that different selection factors play a role at each institution: patients who cannot tolerate lengthy treatment, those judged to be too sick to benefit from complex therapy, those requiring urgent start of therapy, etc., may be selected to receive more simple, conventional treatment. These factors make any attempt to compare the results of different IMRT series, or even series of IMRT with series of conventional RT, futile. Notwithstanding these limitations, all series of IMRT outcome have reported outstanding locoregional control rates for oropharyngeal cancer [11, 12, [43] [44] [45] . These series reported 2-year locoregional tumor control rates of 90%-98% for patient populations consisting mainly of stage III-IV tumors. However, these series contain a mixture of definitively and postoperatively treated patients and variable ratios of patients treated with concurrent chemoirradiation or radiotherapy alone. The series from Michigan included patients with various non-nasopharyngeal tumor sites; having an oropharyngeal cancer site was the most significant predictor of local/regional tumor control. Some of the most reliable information gained from clinical series of IMRT for HN cancer in general and oropharyngeal cancer in particular relates to the pattern of tumor recurrences relative to the targets and the locally delivered doses. These data allow an assessment of the adequacy of target selection and delineation. In all reported cases, it seems that careful selection and delineation of the targets resulted in very few or no marginal or out-of-field recurrences. de Arruda and colleagues reported that all recurrences in their series were in-field [45] . Chao and colleagues reported that most marginal recurrences occurred in the lower neck, which was treated with an anterior field that was matched to the IMRT-treated upper neck [11] . At the University of Michigan, where the majority of patients had oropharyngeal cancer, almost all recurrences occurred in-field, in high-risk volumes that had received the full prescribed doses [9] . An update of this study included 133 patients, 80 of whom had oropharyngeal cancer [12] . At a median follow-up of 32 months 21 locoregional failures (16%) occurred. Of these, 17 recurred in-field and four were marginal recurrences. After the first analysis of marginal recurrences [9] , modifications in target delineation principles were made, following which no additional marginal recurrences were noted [12] . This demonstrates a learning curve, characteristic of complex therapies, and the likelihood that treatment outcome improves as the experience of the team using IMRT increases. Of note, no marginal recurrence occurred in the contralateral N0 neck, where the cranialmost target included the subdigastric nodes. The definition of the top of level II in the contralateral N0 neck in patients with oropharyngeal cancer has been the level at which the posterior belly of the digastric muscle is crossed by the jugular vein [9, 12, 13] . This definition ensures that the jugulodigastric nodes, being the topmost level II nodes draining oropharyngeal cancer according to Rouviere [46] , are irradiated. This definition coincides with the transverse process of the C1 vertebral body, which marks the top of level II according to consensus guidelines [15] . The lack of recurrences cranial to this level in the Michigan and the Leuven series [9, 47] , which used the same definition for the cranialmost level II, is reassuring and is in ac- Dry-eye symptoms were reported by patients. Abbreviation: IMRT, intensity-modulated radiation therapy. 560 cordance with the observations of Rouviere [46] and with the consensus recommendations [15] . Two marginal recurrences in the Michigan series were noted in the lateral retropharyngeal nodes (both occurred in patients with oropharyngeal cancer), in which the cranialmost extent of the retropharyngeal nodal targets was defined at the top of C1, according to the observations of Rouviere [46] of the locations of the lateral retropharyngeal nodes. Following these observations, we currently define the retropharyngeal nodes through the base of the skull. Interesting observations about marginal or out-of-field recurrences were reported in the series from the University of Iowa [43] . They found several cases of recurrence in the contralateral level I in patients with lateral oral cavity and oropharyngeal cancer, underscoring the need to include these nodes in locoregionally advanced oral cancer. As more data about marginal recurrences are accumulated, a better understanding and higher certainty are expected to be gained in defining the targets, which will lead to better tumor control and to an ability to further spare noninvolved tissues.
IMRT for Laryngeal Carcinoma
Comparative dose distribution studies have shown that IMRT can improve the target dose homogeneity in laryngeal and hypopharyngeal SCC while reducing the dose to normal tissues at risk [48 -50] . Clinical data on IMRT for laryngeal and hypopharyngeal SCC are, however, quite scarce and typically include patients with definitive and postoperative irradiation with or without induction or concomitant chemotherapy. Chao et al. [11] and Dawson et al. [9] reported very limited series with Ͻ10 patients in each location, from which definitive conclusions cannot be drawn. Yao et al. [43] reported on a series of 33 patients with laryngeal SCC; the 2-year locoregional control rate reached 85%, which was significantly lower than that observed in oropharyngeal tumors [43] . Patient selection bias cannot, however, be ruled out. A recent study reported the feasibility of a dose-escalation trial in laryngeal SCC using IMRT [51] .
LESS NORMAL TISSUE MORBIDITY WITH IMRT
Several clinical studies assessed the utility of IMRT in parotid salivary gland sparing and in reducing xerostomia. At the University of Michigan, the partial parotid gland doses and volumes following multisegmental IMRT were correlated with selective salivary output from each parotid gland [5] . It was found that the output related to the mean doses to the glands. The large majority of the glands that received a mean dose Ͼ26 Gy did not produce measurable saliva and did not recover, whereas glands that received lower mean doses produced variable salivary output that increased over time. One year after radiotherapy, parotid glands that received a moderate dose (mean dose, 17-26 Gy) recovered, on average, to the pretreatment salivary production levels [6] . When the doses to the parotid glands were very low, as in cases of unilateral neck radiotherapy in which the contralateral glands received mean doses Ͻ10 Gy, an "overcompensation" of the damage to the ipsilateral glands was noted in the second year post-therapy. In particular, the salivary flow rates from the contralateral glands exceeded, on average, their pretreatment flow rates. This finding motivates reducing the doses to the salivary glands to as low levels as possible. Data on dose response in the parotid glands are accumulating [10, [52] [53] [54] [55] . The common finding with all these data is that a relationship seems to exist between the mean doses to the glands and their residual salivary output. It is apparent from the studies presented in the review that very different mean doses have been reported as thresholds beyond which functional deficit occurs. These doses are in the range of 20 Gy to almost 40 Gy. What is the reason for this discrepancy? Several explanations are possible. One explanation relates to different methodologies in assessing salivary flow. Some studies used selective parotid outflow measurements, others used whole mouth saliva, assuming no contribution from the submandibular glands (which had received high doses) and no contribution from the minor salivary glands (whose output is relatively low), and some studies used scintigraphy techniques to assess parotid gland Abbreviations: 2D, two-dimensional; 3D, three-dimensional; IMRT, intensity-modulated radiation therapy. 561 Grégoire, De Neve, Eisbruch et al. function. Beyond this confounding factor, there are clinical factors, beyond radiation dose, that affect the salivary output but have not been taken into account in most of these studies. These factors include dehydration, common in patients receiving HN radiotherapy, and various medicines found to significantly affect salivary flow rates [5, 6] . An additional important factor is one reported recently by investigators from the University Hospital in Groningen, The Netherlands [56] . They irradiated different parts of rat salivary glands using high-precision proton radiation and found regional differences in dose-salivary production relationships. Such regional differences are likely to exist in the human parotid glands, and they may be the reason for different results found by researchers using different radiotherapy techniques, which produce different dose distributions within the glands. Further research into intraparotid regional differences in sensitivity to radiation is required for a better understanding of radiation limits. Regardless of the dose threshold, it is now apparent that spared glands not only partly retain the salivary output, but the output increases over time through at least 2 years after radiotherapy [6] , compared with generally no improvement over time following standard radiotherapy, in which most of the parotid glands receive full radiotherapy doses. Once a reasonable preservation of the salivary output is achieved, can we expect similar improvements in patientreported xerostomia symptoms? The correlation between salivary output from the major salivary glands and xerostomia symptoms is significant, but is not very high. Part of the reason for this less-than-straightforward relationship lies in the contribution of the minor salivary glands. These glands are scattered throughout the oral cavity, notably on the surface of the palate, and produce much of the salivary mucin. It has been found that the dose delivered to the oral cavity, serving as a surrogate for the residual function of the minor salivary glands (whose output cannot be measured), was an independent factor in patient-reported xerostomia after radiotherapy, similar to the importance of doses to the major salivary glands [6] . An optimal practice is to add sparing of the oral cavity as an objective in radiotherapy planning, in addition to sparing of the parotid glands. An analysis at the University of Michigan of a validated patient-reported xerostomia questionnaire demonstrated that xerostomia improved significantly over time, in tandem with an increase in saliva production [6] . Two years following irradiation, xerostomia reported by patients receiving parotid-sparing bilateral neck radiation was only slightly worse than that in patients receiving unilateral neck radiotherapy. Investigators at UCSF also reported an improvement to mild or no xerostomia during the second year after IMRT for nasopharyngeal cancer [41, 57] . It is apparent from all of these studies that the partial sparing of the salivary glands, made possible by IMRT, achieves tangible gains both in the retention of salivary production and in the symptoms of xerostomia.
Another issue in the efforts to reduce xerostomia by IMRT is the importance of the submandibular glands. These glands lie anterior to the level II lymph node targets in the neck. It is not possible to spare a substantial amount of these glands while treating both sides of the neck (which is required for all advanced HN cancer), resulting in no measurable salivary output from these glands after radiation [6] . Whether the use of technology like proton beams would help is not yet known. Canadian investigators who moved one submandibular gland to the submental space, away from the radiotherapy fields, reported an impressive reduction in xerostomia [58] . However, this technique has not yet gained broad acceptance, as submandibular lymph nodes are so closely related to the gland, or even into the gland, that transposition may not only spare the organ at risk but also the target tissue.
Additional potential functional gains from IMRT compared with conventional radiotherapy include swallowing and speech measures, reported to be superior using IMRT compared with standard radiotherapy [59] . These potential benefits may translate into improvements in broad aspects of quality of life [60] . Thus, IMRT of HN cancer may achieve broad improvements in quality of life rather than be limited to improvements in xerostomia alone. Efforts to identify the structures whose damage causes long-term dysphagia and aspiration, and to determine IMRT strategies that may spare these structures without underdosing the targets, have been reported [61] . An assessment of the clinical effect of these efforts is ongoing. In a recent study, however, a dosimetric comparison showed a much higher dose to the larynx when the entire neck was irradiated with IMRT than with a classical three-field setup with an anterior field shielding the midline structures [62] . To avoid such a perverse effect of IMRT, the laryngeal and hypopharyngeal structures have to be delineated as organs at risk, and assigned with a dose-volume constraint.
CONCLUSION
The data accumulated so far tend to indicate that this new technique increases the therapeutic ratio by decreasing treatment morbidity such as xerostomia. Whether all patients with HNSCC will benefit from IMRT is still unknown. We hypothesize that patients with very early disease (e.g., stage I tumors) or very extended disease (e.g., stage IVb tumors) will have less benefit from this technique, the former because a very high therapeutic ratio is 562 already achieved and the latter because extended target volumes will need to be irradiated.
The promising results of IMRT can, however, be achieved only when all treatment conditions are met, for example, optimal selection and delineation of the target volumes and organs at risk, appropriate physical quality control of the irradiation, and accurate patient setup with the use of onboard imaging or more advanced imaging like CT during therapy [28] . Because of the complexity of the various tasks, it is thus likely that these conditions will be met only in institutions having a large patient throughput. Therefore, patient referral to those institutions with experience in treating many patients with IMRT of HN cancer is recommended.
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